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@ Resolver having planar windings. 

(g) A printed circuit resolver includes a stator assembly comprising a first planar, multk-tum stator 
winding and a second planar multi-turn stator winding. A rotor assembly is disposed adjacent to the 
st a to r assembly and is rotatable with respect to the stator assembly. A voltage is induced in each of the 
stator windings with each voltage varying according to a trigonometric function of the angular position 
of the rotor winding with respect to the stator windings. Each resolver winding Is planar and comprises . 
at least two planar multi-tum cdls formed on a disc Each con comprises N turns and 2M sectors. In 
each sector, the radial and circumferential position of each point of a given turn is defined along radial 
sector lines radiating from a center point of the disc. The position of each point of a given turn is define 
by either an inner turn radius or an outer turn radius. The inner turn radius for any given turn is the 
distance from the center point of the disc to the most proximate point on that turn as measured along a 
given sector line. The outer turn radius for that turn is the distance from the center point of the disc to 
the most distant point on that turn as measured along the same sector line. The sum of all outer turn 
radii for a given sector line minus the sum of all inner turn radii for the given sector line defines a value ; 
a set of all the values for all sector lines of the coil approxinnates a sinusoidal function. 
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RESOLVER HAVING PLANAR WINDINGS 



The present invention generally relates to rotary 
position indicating transducers and, in particular, 
relates to a particular type of rotary position Indicating 
transducer known as a resolver. 

Background of the Invention 

A synchro is a rotary transducer that converts 
angular displacement into an AC ventage or an AC 
voltage into angular displacement The common form 
of synchro is a relatively simple device having multi- 
tum 120*" space-phased windings on its stator and a 
single mulfi-tum winding on its rotor. A typical, or two 
element, synchro system utilizes two such synchros 
with the stators of each being connected in parallel. In 
such a two element synchro system, an AC carrier or 
reference voltage, typically 60 or400 Hz. is applied to 
the transmitter synchro or control transmitter rotor and 
the rotor position establishes a flux vector in the 
stator, generating particular vdtages in each leg of 
the stator winding. These voltages are transmitled to 
the stator of the receiver synchro or control transfor- 
mer where a similar vector flux pattern is reproduced. 
The rotor of the control transfonmer then aligns Itself 
In the flux field. 

A resolver is a type of synchro and is often call ed 
a "synchro resoh/er*. A major difference between a 
synchro and a synchro resolver, or simply a resohrer. 
Is that the nujltl-tum stator and rotor windings cX the 
resolver are displaced electrically 90° to each other 
instead of 120** as in the case of the synchro. The 
common fomi of resolver has a single rotor winding 
and two stator windings, each with many turns per 
pole. When the rotor of the resolver has an AC carrier 
voltage applied thereto, the voltage across one of 
the stators beccmies: Vi=Vi„ K Sin 8. and the voltage 
across the other stator becomes: V2=Vi„ K Cos 9, 
where K is a constant. 

Thus, liice a synchro, a resolver is a device that is 
used for the transmission, reception or conversion of 
angular data. A resolver is also a type of rotary posi- 
tion indicating transducer that produces two voltage 
outputs, one, Vi varying as a sine function; and the 
other, V2, varying as the cosine function, according to 
the angular position of a rotor with respect to a stator. 

Another form of resolver has two stator and two 
rotor windings, each with many turns per pole, and the 
reference or carrier excitation voltage may be applied 
to any of the windings. If one of the stator windings are 
used as the Input and excited, the unused statorwind- 
ing is shorted. The voltages across the rotor windings 
are monitored as the output voltages and would be 
given as atxyve for Vi and V2. Alternate, one of the 
rotor windings can be used as the input with the two 
stator windings t>eing used as the outputs. 



It may be explained here that synchro resolvers, 
or resolvers, are of two main types, brushless and 
non-tmjshless. A non-brushless resolver is one 

5 whose excitation winding is excited by means of a 
sliding contact with an AC souroe. A brushless resol- 
ver Is a resolver in which the excitation winding is 
excited without the use of a sliding contact One type 
of brushless resolver is a transformer brushless resol- 

10 ver. \Artth a transformer brushless resolver, for 
example, the rotor winding is excited through an 
Inductive coupling to an AC source. 

Synchro resolvers or resohrers have traditionaliy 
been made with wound rotor and wound stator wind- 

f 5 ings. Manufacture of such devices Is labor intensive, 
and, therefore, expensive. Moreover, resolvers and, 
in particular brushless resolvers, are relatively heavy 
and have a large axial dimension. A need and demand 
has arisen for a resolver, and in particular for a trans- 

20 fbnner brushless resohrer, that is inexpensive, light in 
weight and that has a relatively short axial dimenston. 

It would be deslreat>le to provide a resolver that 
is inexpensive to manufacture, light in weight, and 
small in axial dimension. In order to achieve this 

2S objective, it would also be desireable to provide a 
resolver that employed printed, rather than wound, 
rotor and stator windings. 

Various types of printed circuit rotary position 
indicating transducers are known, including both 

so capacitive and Inductive fypes. Though they perform 
some of the same functions as resolvers, neitiier type 
of device is, in fact, a resolver. 

With capacitive type rotary position indicating 
transducers, a rotor having conducting capacitive 

as plates affixed thereto, rotates with respect to a stator 
having associated conducting capacitive plates. The 
capacitance across the plates varies witii their iieiafive 
angular position. One disadvantage of capacitive rot- 
ary position indicating transducers resides in the fact 

40 that they are susceptible to shock and vibration. 
Shock and vibration may vary tiie dimensions of the 
air gap between the plates and, this, in turn, will vary 
the capacitance. A capacitive type rotary position indi- 
cating transducer Is shown In U.S. Patent No. 

4S 4,0d2.579-Weft. Though the transducer Is refenred to 
in the patent as a resohfer, the device is not techni- 
cally a type of resolver because It does not employ 
multi<tum windings. 

Inductively coupled rotary position Indicating 

so transducers are also known. One such transducer is 
known as an Inductosyn position transducer and is 
descrit>ed In a brochure enfitied "Inductosyn Positton 
Transducers" published by Fanrand Industries, Inc. 
Such transducers employ printed circuit undulating 

55 conductive patterns, with a half tum per pole. The pat- 
terns have many hairpin turns that are situated along 
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the flat surface of both a rotor disc and a stator disc. 
The length of one complete cycle of the hairpin pattern 
is called the pitch. One of the discs has a single wind- 
ing pattern and the other has a first and a second 
winding pattern ttiereon with the second being dis- s 
placed a predetermined distance from the first Alter- 
nating current applied to the single winding on one 
disc as an excitation signal results in two output sig- 
nals from the two windings on tiie second disa The 
two output signals have amplitudes which vary as sine iO 
and cosine funcfions based on the relative position in 
the pitch cycle. There is a unique pair of sine and 
cosine output amplitudes for every position vnthin one 
cyde of the pitch. 

The Inductosyn, in actual operation, is similar to is 
a resolver in that a sine and cosine function are 
derived. The device differs from a resolver, however, 
because it does not employ multi-turn windings. 
Because the inductosyn does not employ multi-turn 
windings it suffers finom several drawbacfcs. First, 20 
these devices are capable of directiy sensing only 
very small angular displacements. If larger displace- 
ments are to be sensed, the devices must be used in 
conjunction with logic circuitry to unambiguously 
determine angular position greater than a fiew deg- 25 
rees of arc Because of tiie need for such logic cir- 
cuHvy, the devices are expensive, costing as much as 
several thousand dollars per unit Secondly, the trans- 
mission ratio, t.e., the output voltage divided by the 
input voltage, of such devices is very low. With typical 30 
wound rotor/wound stator resolvers the transmission 
ratio is much higher. Because of their low transmis- 
sion ratio, the output voltage of such transducers must 
be amplified and the use of an amplifier contributes to 
the increased cost of such devices. 3S 

Summary of tfie Invention 

It is a primary object of the present invention to 
provide a resolver having planar windings, l.e., a prin- 40 
ted circuit resoh/er, in response to, and in satisfaction 
of, the aforementioned need and demand experi- 
enced in actual practice. 

It is another object of this invention to provide a 
planar winding having a unique coil geometry. 45 

Another object of this invention is to provide a rot- 
ary position indicating transducer that Is not sens^ve 
to shodc and vibration. 

It is a further object of tills Im^ntion to provide a 
rescdver, and In particular a transformer brushless so 
resolver, that is capable of inexpensive manufacture. 

it is still another object of this invention to provide 
a resolver, and in particular a transformer brushless 
resolver, that has a high transmission ratio. 

It is still a further object of this invention to provide ss 
a resolver, and in particular a transformer brushless 
resoh^er, that is relatively small in axial dimension and 
relatively light in weight 



It Is still a further object of the present invention 
to provide a resolver, and in particular a transformer 
brushless resohrer, that has clearly defined voltage 
outputs that vary according to a trigonometric fiinc- 
tion, i.e., sine and cosine functions, v\nth the angular 
position of the rotor winding overan extensive arc with 
respect to the stator windings of the resolver. 

The foregoing objects are achieved by a printed 
circuit resolver as compared to the wound rotortetator 
winding resolvers of the prior art 

Briefly, and in accordance with the invention a 
resolver is provided having a stator assembly com- 
prising a first planar, multi-tum stator winding and a 
second planar multi-tum stator winding. A rotor 
assembly is disposed adjacent to the stator assembly 
and is rotatable vN^th respect to the stator assembly. 
The rotor assembly comprises a planar multi-tom 
rotor winding for inductively coupling its magnetic field 
to the stator windings when an energizing AC source 
Is applied to the rotor winding. In this way a voltage is 
induced in each of the stator windings with each volt- 
age varying according to a trigonometric function with 
the angular position of the rotor wdnding with respect 
to the stator windings. 

In accordance with an important aspect of the 
present invention, resolver windings having a unique 
coil geometry are provided. Each resoWer winding of 
the invention is planar and comprises at least two pla- 
nar multi-tum coils formed on a disc. Each coil com- 
prises N tums and 2 M sectors, where N and M are 
numbers. In each sector, the radial and corcumferen- 
tlal position of each point of a given torn with respect 
to tiie disc is defined along radial sector lines radiating 
from a center point of the disc. The position of each 
point of a given torn wdtii respect to the center of the 
dtec is defined by either an inner torn radii or an outer 
turn radii. The inner torn radu for any gh/en torn Is the 
distance from the center point of the disc to the most 
proximate point on that torn as measured along a 
given sector line. The outer turn radii for that torn is 
the distance from the center point of the disc to the 
most distent point on that torn as measured along the 
same sector line. The sum of all outer torn radii for a 
given sector line minus the sum of all inner torn radii 
for the given sector line defines a value. A set of all 
the values for all sector lines of the coil c^proximates 
a sinusoidal function. 

The foregoing and other ofcjecte, featores, and 
advanteges of the Invention will t>e apparent from the 
following more deteHed description of the preferred 
embodiments of the Invention, as Illustrated in the 
accompanying drawings. 

Brief Description of the Drawings 

Figure 1 d^icte a schematic diagram of a trans- 

fonner brushless resolver; 

Figure 2 Is a diagrammatic cross sectional view of 
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a resolver in accordance with the invention; 
Rgure 3 is a partial exploded view of the rotor and 
stator assemblies of Figure 2 iltustrating the vari- 
ous layers of these assembltes; 
Figures 4-9 lllustFate the various layers of the s 
stator assembly and show the various multi-tum 
oonductive coils formed on each layer which, 
together, make-up the stator winding; 
Rgures 10-13 Olustrate the varioi^ insulating 
layers of the rotor assemt>ly and show the multi- io 
tum conductive coils fbnmed on each layer which, 
together, make-up the rotor winding; 
Figure 14 depicts the relative positkins of the 
stator windings of the stator assembly; and 
Rgure 15 Is schematic diagram of one-half of a is 
single multi-tum coll and is useful to explain the 
unque col geometry in accordance with the 
inventbn. 



Description of the Preferred Enftf>odiments 



20 



Referring now to the drawings and to Rgure 1 in 
particular there is shown generally at 10 a schematic 
diagram of a common form of a transfcxTner brushless 
resolver. The resdver 1 0 includes a stator and a rotor. 25 
The stator includes af rst multi-turn stator winding 12, 
a second mutti-tum stator winding 14, and a multi-tum 
stator excitor winding 16. The rotor includes a multi- 
tum rotor winding 18 and a multi-tum rotor excitor 
winding 20 which is coupled or connected to the rotor 30 
winding 18. As depicted, the stator windings 12 and 
14 of the resolver 10 are displaced electrically 90° to 
each other. 

in operation, when the stator excitor winding 16 
has an AC source applied to its terminals 22 and 24, 35 
an AC voltage is induced in the rotor exciter winding 
20 and rotor winding 1 8. If the rotor is thus excited by 
an AC carrier voltage, V sin oi^Jt, the two stator output 
voltages between S1-S3 and S2-S4 become 

Vsi-83(t) sin e sin coaet 40 
Va2^(t) = KV cos e sin ©act 
where 8 is the resolver shaft angle, V and coac ere, re- 
spectively, the amplitude and radian frequency of the 
reference (or "canier") AC voltage, Le., the voltage 
induced in the rotor winding and K is the transfor- 4S 
mation coefficient 

It will be understood from the foregoing that the 
resolver depicted in Rgure 1 is a position indicating 
transducer that produces two voltage outputs across 
S1-S3 and across S2-S4 respectively, one varying as so 
a sine function and the other varying as the cosine 
function, according to the angular position of the rotor 
with respect to the stator. The present invention is 
directed to a resolver of the general type shown in Rg- 
ure 1 but which does not include wound coils, which 55 
has a high transmission ratio and which has a small 
axial dimensk>n. 

Refem'ng now to Figure 2 there is shown a cross 



sectional view of a brushless resohrer 30 in accord- 
ance with the present invention. The resolver 30 
includes a central shaft 34. The resolver 30 further 
includes a stator assembly 36 and a rotor assembly 
38. The stator assembly 36 is fixed whereas the rotor 
assembly 38 rotates, along vnth the shaft 34, with rea- 
ped to the stator assembly. 

The stator assembly 36 includes a first planarfer- 
romagnetic plate 40 and a multi-layer disc 32. The 
rotor assembly 38 includes a second planar feiromag- 
netic plate 42 and a multi-layer disc 33. The ferromag- 
netic plates 40, 42 provide paths of low magnetic 
reluctance. The multi-layer discs 32 and 33 include 
insulating layers upon which multi-turn windings are 
formed as wOl be more fully described below. The 
resolver 30 of the present invention employs no 
wound coQs. Moreover, the combined axial dimension 
of the rotor and stator assemblies is on the order of 
0.25 inch. The resolver has a transmission ratio on the 
order of approximately 1.0 +/- 5%. The resolver pro- 
vides a position signal accurate to within H- 60 
niinutes of arc over 360 degrees. 

In operation, the resolver 30 generates two diffe- 
rent voltage output signals which vary according to a 
trigonometric function in accordance with the angular 
position of the rotor with respect to the stator, as des- 
cribed above with reference to Figure 1. One of the 
voltage output signals varies in a sine function and the 
other varies in a cosine function in accordance with 
the angular position of the central shaft 34 with res- 
pect to the stator assembly 36. 

Referring now to Figure 3, the constniction of the 
stator and rotor assemblies, 36 and 38 respectively, 
will be described. Figure 3 is a partial exploded view 
of the rotor and stator assemblies of Figure 2. As can 
be seen in Rgure 3, and as wiS become even more 
evident in the description of Rgures 4-9, the stator 
assembly 36 comprises a multi-layer di^ 32 having 
first, second, third, fourth, fifth and sixth planar 
insulating layers 50, 52, 54, 56, 58 and 60, respect- 
ively upon which conductive patterns are formed. The 
multi-layer disc 32 of the stator assemt>ly 36 is seated 
in a recess formed in the ferrontagnetic plate 40. 

As can also be seen in Figure 3, and as will 
become even more evident in the description of Fig-; 
ures 10-13, the rotor assembly 38 also comprises a 
multi-layer disc 33 having first, second, third and 
fourth planar insulating layers 62, 84, 66 and 68 re- 
spectively upon which conductive patterns are for- 
med. The multi-layer disc 33 of the rotor asseml)ly 38 
is seated in a recess formed in the ferromagnetic plate 
42. 

Referring now more particulariy to Rgures 4-9 the 
stator assembly 36 will be described in further detail. 
In Figure 4, the first planar insulating layer 50 is 
shown. The planar insulating layer 50 has a four mul- 
ti-tum conductive patterns 80, 82, 83 and 84 fbnmed 
on the surface thereof, in Figure 5, the adjacent planar 
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insulating layer 52 is shown. Insulating layer 52 also 
includes four muiti-tum conductive patterns 86, 88. 90 
and 92 fonmed on the surface thereof. As can be seen 
from Figures 3, 4 and 5, the first and second insulating 
layers 50, 52, respectively, lie in parallel planes. The 
Rtulti-tum conductive patterns formed on the layers 
50, 52 are interconnected by through-hole connec* 
tions such that the patterns together fonri the first 
stator winding equivalent to the stator winding 14 
shown In Figure 1. The first portion of the first stator 
winding Is carried by the insulating layer 50 and com- 
prises a first plursdlty of printed circuit multi-tum stafor 
coils 80, 82, 83 and 84 disposed in spaced apart rela- 
tionship on the first insulating layer 50. The second 
portion of the first stator winding is carried by the 
insulating layer 52 and comprises a second plurality 
of printed circuit muiti-tum stator coils 86, 88, 90 and 
92 disposed in spaced apart relationship on the sec- 
ond insulating layer 52. The two output terminals for 
the fust stator winding are shown at 94 on insulating 
layer 50 and at 96 on insulating layer member 52. 
When the layers 50 and 52 are assembled, the coQs 
80 (on layer 50} and 86 (on layer 52) are adjacent or 
opposed and in registry with one another. The same 
is true for the coils 82, 88; 83, 90; and 84, 92. As will 
be explained hereinafter the layers 50, 52, together 
with the coHs disposed thereon, comprise a two layer 
four pole printed circuit winding assembly. 

The first stator winding forms a continuous elec- 
trical path from the output terminal 94 on layer 50 to 
the output terminal 96 on layer 52, The printed circuit 
conductor 1 00 extends from the terminal 94 to the first 
multi-turn printed circuit coO 80. The coil 80 is wound 
in a first or counterclockwise direction and ends on 
first layer 50 at node 102. The second layer 52, 
immediately adjacent to layer 50, is positioned such 
that its first coil 86 is positioned adjacent to the first 
coil 80 of first layer 50. The first coil 80 on first layer 
50 Is connected, through a so-called via hole 104 in 
the first layer 50, in series with the first coil 86 of the 
second layer 52. The first coil 86 of the second layer 
52 is wound in the same direction, Le.. counterclock- 
wise, as the first ooD 80 of first layer 50 and It is con- 
nected in series by way of printed circuit conductor 
105 with the second coH 88 of the second layer 52. 
The second coO 88 of the second layer 52 is wound 
in the opposite direction, i.e., clockwise, of the first coil 
86 of the second layer 52. The second cofl 68 of the 
second layer 52 is connected through via hole 106 in 
layer 50 in series with the second coil 82 of first layer 
50. The second coil 82 of the first layer Is wound in the 
same direction, Le., clockwise, as the second coB 88 
of the second layer 52 and it is connected in series by 
way of printed circuit conductor 1 07 with the third coil 
83 on first layer 50. The third coil 83 of the first layer 
50 is wound in the opposite direction, i.e., coun- 
terclockwise, of the second coil 82 of the first layer 50. 
The third coil 83 of the first layer 50 is connected 



through via hole 1 08 in layer 50 in series with the third 
coil 90 of the second layer 52. The third coil 90 of the 
second layer 52 is wound in the same directksn as the 
third coil 83 of the first layer 50 and It Is connected In 

5 series by way of printed circuit conductor 1 08 with the 
fourth coil 92 on the second layer 52. The fourth coil 
92 of the second layer 52 is wound in the opposite 
direction, i.e., clockwise, of the third coil 90 of the sec- 
ond layer 52. The fourth coi! 92 of the second layer 52 

to is connected through via hole 110 in layer 50 to the 
fourth coil 84 of the first layer 50. The fourth con 84 of 
layer 50 is wound in the same direction, i.e., clockwise 
as the fourth coil 92 of the second layer 52. The prin- 
ted circuit conductor 112 connects coil 84 to node 114 

IS which, in turn. Is connected through via hole 116 to 
node 118 on layer 52. Printed circuit conductor 120 
wraps around coa 88 and is connected to node 122 
which, in turn, is connected through via hole 124 to 
node 126 on layer 50. Printed circuit conductor 128 

20 interconnects node 126 to node 130 which, in turn, is 
connected through via hole 132 to node 134 on layer 
52. The node 134, by way of printed circuit conductor 
136, is connected to output tenminai 96. 

Frorn the foregoing it will be understood that the 

25 coils on the adjacent pair of insulating layers 50, 52 
are opposed and in substential registry with each 
ottier and that opposed and registered coils comprise 
a plurality of pairs of opposed and registered coils, 
i.e., coils 80 and 86 form a pair of opposed and regis- 

30 tered coils as do coils 82 and 88; 83 and 90; and, 84 
and 92. The coils in each pair of opposed and regis- 
tered coOs are connected in series and wound in the 
same direction. Adjacent pairs of opposed and regis- 
tered coOs are connected in series with each other 

35 and wound in opposite dh^ctions. Because of ^Is coll 
geometry flux cancellation is achieved In fte intercon- 
necting conductors in layer 50 and layer 52. It will t>e 
further understood that when current flows in the coils 
of the stator winding disposed on layers 50 and 52 that 

40 a multi-turn four pole wnnding is esteblished with adja- 
cent pairs, e.g., 80, 86 and 82. 88, forming opposite 
poles. This is depicted in Figures 8 and 9 by the desi- 
gnations N, S, N, S. 

Referring now to Figures 8 and 9, a second stetor 

45 winding of the resoiver according to the invention will 
now be described. The insulating layers 58 and 60 
each support a portion .of the second stetor winding 
which portions together would be the equivalent <rf the 
stetor winding 12 shown in Rgure 1. The first portion 

so of the second stetor winding is carried by the third 
Insulating 58 and comprises a third plurality of printed 
circuit mulb-tum stetor colls 200, 202, 204 and 206 
disposed in spaced apart relationship. The second 
portion of the second stetor winding is canried by the 

55 fourth insulating 60 and comprises a fourth plurality of 
printed circuit multi-tum stetca* coils 208, 210, 212, 
and 214 disposed in spaced apart relationship. The 
two output terminals tor the second stator winding are 
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shown in 214 on insulating layer 58 and at 216 on 
insulating layer 60. 

Uke the first stator winding, the second stator 
winding forms a continuous electrical path ftom.the 
output tenninal 21 4 on layer 58 to the output tennlnal 5 
216 on layer 60. The printed circuit conductor 218 
extends from the tenminal 214 to the first multi-tum 
printed circuit coil 200 on layer 58. The coi! 200 is 
wound in a first direction. Le., clockwise, and ends on 
third layer 58 at node 220. The fourth layer 60, io 
immediately adjacent to layer 58, in positioned such 
that its first coil 208 Is positioned adjacent to the first 
coil 200 of third layer 58. The first coil 200 on third 
layer 58 is connected, through via hole 222 in the third 
layer 58, in series with the first coil 208 of the fourth is 
layer 60. The first coll 208 of the fourth layer 60 is 
wound In the same direction, i.e., dodovise, as the 
first coil 200 of third layer 58 and it is connected in 
series by way of printed circuit conductor 224 wrOi the 
second coil 21 0 of the fourth layer 60. The second coil 20 
210 of the fourth layer 60 Is wound in the opposite 
direction, i.e., counterdockwise, of the first coil 208 of 
the fourth layer 60. The second coil 21 0 of the fourth 
layer 60 is connected through via hole 226 in layer 58 
in series with the second coil 202 of the third layer 58. 25 
The second con of the third layer 58 Is wound In the 
same direction, Le., counterdockwise, as the second 
con 210 of the fourth layer 60 and It Is connected In 
series byway of printed circuit conductor 228 with the 
third coil 204 on the third layer 58. The third coil 204 30 
of the third layer 58 is wound in the opposite direction, 
i.e. dockwise, of the second coil 202 of the third layer. 
The third coil 204 of the third layer 58 is connected 
through via hole 230 In layer 58 in series with the third 
coil 212 of the fourth layer 60. The third coil 212 of the 35 
fourth layer 60 is wound in the same direction as the 
third coils 204 of the third layer 58 and it is connected 
in series by way of printed circuit conductor 232 with 
the fourth coil 214 on the fourth layer 60. The fourth 
coil 214 of the fourth layer 60 is wound in the opposite 40 
direction. i.e., counterdockwise. of the third coil 212 
of the fourth layer. The fourth coil 214 of the fourth 
layer is connected through via hde 234 In layer 58 to 
the fourth coD 206 of the third layer 58. The fourth coil 
206 of layer 58 is wound in the same direction, i.e., 4S 
counterdockwise, as the fourth co9 214 of the fourth 
layer 60. The printed drcuit conductor 236 connects 
coil 206 to the node 238 which, in turn, is connected 
through via hole 240 to node 242 on fourth layer 60. 
Printed circuit conductor 244 wraps around coil 210 so 
on layer 60 and Is connected to node 246 which, in 
turn, is connected through via hole 248 to node 249 
on third layer 58. Printed circuit conductor 250 inter- 
connects node 249 to node 252 which, in turn, is con- 
nected through via hole 253 to node 254 on fourth 55 
layer 254. The node 254, byway of printed circuit con- 
ductCM- 256, is connected to output tenminal 216. 

To complete the description of the stetor assem- 



bly 36, reference Is now made to Rgures 6 and 7 
which Hlustrate the planar stator exdtor winding in 
accordance with the invention. The stator exciter 
winding is comprised of a first portion 300 (See Figure 
7) and a second portion 302 (See Rgure 6). The first 
portion 300 of the stator exdtor winding comprises a 
single printed circuit multi-turn coil 301 disposed on 
the fifth Insulating layer 54 and the second portton 302 
comprises a single printed drcuit mulG-tum coil 303 
disposed on the sixth insulating layer 56. The stetor 
exdtor winding fonms a continuous electrical path 
from the input tenminal 304 on layer 54 to the output 
terminal 306 on layer 56. The printed circuit conductor 
308 extends from the terminal 304 to the beginning of 
the coll 301 on layer 54 with coll 301 being wound in 
a dodcwise direction and ends on the fifth layer 54 at 
node 310. The first portion of the stator^dtor coD 301 
is connected, through via hole 31 2 in the fifth layer 54, 
and node 314 on layer 56, in series with the second 
portion 302 of stetor exdtor winding on layer 56. The 
second portion 302 is wound in the same direction as 
the con 301 on fifth layer 54. The end of the second 
portion 302 of stator excltor winding disposed on fifth 
layer 54 is connected via printed circuit conductor 31 2 
to input tenminal 306. The portions 301 and 302 of the 
stetor ®cdtor winding together would l>e the equival- 
ent of the stator excltor winding 16 shown in F^ure 1. 
Because the windings on layers 54 and 56 are in 
registry with one another but further in view of the fact 
that current flows in opposite directions on each layer, 
any flux generated between layers 54 and 56 Is can- 
celled. 

Turning now to Rgures 3 and 10-13, the rotor 
assembly 38 wHI now be described. In Rgure 10, the 
first planar insulating layer 62 of the rotor is shown 
and. In Figure 1 1 , the adjacent planar insulating layer 
64 is shown. As can be seen from Rgures 3, 10 and 
1 1 , the first and second insulating layers 62 and 64 re- 
spectively, lie in parallel planes. The insulating layers 
62, 64 each support a portion of the rotor winding 
which portions together are equivalent of the rotor 
winding 18 shown In Rgure 1. The first portion of the. 
rotor winding Is carried by the insulating layer 62 and 
comprises a first plurality of printed circuit multi-turn 
rotor coils 402, 404, 406 and 408 disposed in spaced 
apart relationship thereon. The second portion of the 
rotor winding Is carried by the insulating layer 64 (Rg. 
1 1) and comprises a second plurality of printed circuit 
multi-tum rotor coHs 410, 412, 414 and 416 disposed 
In spaced apart relationship thereon. The two termi- 
nals of the rotor winding are shown at 41 8 on support 
means 62 and at 420 on Insulating layer 64. 

The rotor winding fonms a continuous electrical 
path from the tenninal 418 on Insulating layer 62 to the 
terminal 420 on insulating layer 64. The printed drcuit 
conductor 425 extends from the terminal 418 to the 
first coQ 402. The coil 402 Is wound in a fast or coun- 
terdockwise direction and extends to node 426. The 
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second support means or layer 64, immediately adja< 
cent to insulating layer 62, is positioned such that its 
first coil 41 0 is positioned adjacent to the first coils 402 
of the first layer 62. The first coB 402 is connected 
through via hole 428 in the first layer 62, in series with s 
the first coil 410 of the second layer 64. The first coil 
410 of the second layer 64 is wound in the same coun- 
terclockwise direction as the first coil 402 of layer 62 
and is connected in series by way of the printed circuit 
conductor 429 with the second coil 412 of the second io 
layer 64. The second coS 412 of the second layer 64 
is wound in the opposite direction, i.e^ clockwise, of 
the first coil 410. The second coil 412 is connected 
through via hole 430 in layer 62 In series with the sec- 
ond coils 404 of the first layer 62. The second coil 404 is 
Is wound in the same direction, i.e., clockwise, as the 
second ooQ 412 of layer 64 and is connected in series 
by way of printed circuit conductor 432 with the third 
cdH 406 on the fiist layer 62. The third con 406 is 
wound in the opposite direction, i.e., oounterdock- 20 
wise, of the second coil 404. The third coil 406 is con- 
nected through via hole 434 in layer 62 in series with 
the third cofl 414 of the layer 64. The third coil 414 is 
wound in the same direction as the third coil 406 of 
layer 62 and it is connected in series by way of printed 25 
circuit conductor 436 with the fourth coD 416 on the 
layer 64. The fourth coil 416 is wound in the opposite 
direction, Le., clockwise, of the third coil 414 of layer 
64. The fourth coil 416 of the layer 64 is connected 
through via hole 438 in layer 62 to the fourth coil 408 30 
of first layer 62. The fourth coil 408 is wound in the 
same direction, i.e., clockwise as the forth coil 416 of 
the layer 64. The printed circuit conductor 440 con- 
nects coB 408 to node 442 which. In turn, is connected 
through via hole 442 to node 443 on layer 64. Printed 35 
circuit conductor 444 wraps around coil 412 and is 
connected to the node 445 which, in turn, is connec- 
ted through via hole 446 to node 447 on layer 62. Prin- 
ted circuit conductor 448 interconnects node 447 to 
node 449 which, in turn, is connected through via hole 40 
450 to node 452 on layer 62. The node 452, by way 
of printed circuit conductor 454, is connected to termi- 
nal 420. It will be understood from the foregoing that 
when currentflows in the coils of the rotorwinding dis- 
posed on layers 62 and 64 that a multi-tum, four pole 45 
winding is established with adjacent pairs, e.g. 402, 
410 and 404, 412, fonning opposite poles. This is 
depicted in Figures 10 and 1 1 by the designations N, 
S.N.S. 

To complete the description of the rotor assembly so 
38, reference is now made to Figures 12 and 1 3 which 
illustrate the planar rotor excitor winding which is 
coupled or connected to the rotor resolver winding. 
The rotor excitor winding is comprised of a first portion 
500 (See Rg. 12) and a second portion 502 (See Fig. . 55 
13). The first portk>n 500 of the rotor winding com- 
prises a single printed circuit multi-tum coil 504 dis- 
posed on the third Insulating layer 66 (Figure 3) and 
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the second portion 502 comprises a single printed dr- 
cuit multi^um coil 506 disposed on the fourth insulat- 
ing layer 68 (Figure 3). The rotor excitor winding form 
a continuous electrical path from the terminal 510 on 
layer 66 to the terminal 512 on layer 68. The printed 
circuit conductor 514 extends from terminal 510 and 
winds in a counterclockwise direction and ends on 
layer 66 at node 51 6. The first portion of the rotor exci- 
ter winding 500 is connected, through via hole 518 in 
the third layer 66 and node 520 on layer 56, in series 
with the second portion 502 of rotor excitor winding on 
fourth layer 68. The second portion 502 is wound in 
the same direction as the frst portion 500 on tiie third 
layer 66 with the printed circuit conductor 522 winding 
in a counterclockwise direction and ending on layer 68 
at terminal 512. 

From the foregoing it will be understood that when 
the stator excitor winding has an AC source applied 
thereto an AC voltege will be induced in the rotor exci- 
tor winding and the rotor winding voltage will induce 
current in the rotor resolver winding, which, in turn, will 
induce a voltage In each of the first and second stator 
windings. 

Referring now to Figure 14, which depicts the 
relative positions of the stator windings of the stator 
assembly 36, itwill be seen that the first stator winding 
formed on insulating layers 50 and 52 (shown in solid 
line) is mechanically spaced 45'' relative to the sec- 
ond stetorwinding formed on insulating layers 58 and 
60 (shown in dashed line). This 45" mechanical spac- 
ing resulte in a 90'' electrical displacement as in the 
case of the resolver shown in Rgure 1. Therefore, the 
vdteges appearing across the terminals 94, 96, on 
layers 50 and 52, respectively, and the volteges 
appearing across the terminals 214, 216, on layers 58 
and 60, respectively, will vary according to a 
trigonometric function, e.g., sine and cosine, witii an 
angular position of the rotor winding with respect to 
the stetor windings. Inasmuch as the tengent of the 
angular position is merely the sine divided by the 
cosine, the sine and cosine values may be utilized to 
unambiguously detenmine angular position. 

Referring now to Figure 15, the unique coll 
geometry according to the invention wiQ be described. 
As described above each of the two stator windings 
(formed on disc-shaped insulating layers 50-52 and 
58-60 respectively) and the rotor winding (formed on 
disc-shaped insulating layers 62-64) comprises a 
plurality of somewhat irregulariy shaped, planar, coils 
having N turns per coil. As shown in Figure 15, for 
example N=7, i.e. each coil is comprised of 7 turns. 
The location of each point on each turn of each coil 
may be defined in terms of its radial and circumferen- 
tial position on the disc. The radial position of each 
point of each turn of each coil with n^pect to the 
center of the disc 600 is predsely detennnbied. In addi- 
tion, the circumferential position of each point on each 
tum of each coil is also predsely determined. 
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The radial position of each point of each turn of 
each con is determined along a plurality of radially 
extending sector lines emanating from the center 600 
of the disc. Rrst, the coil is divided into 2 M radial sec- 
tors, where M is the number of sectors intersecting 
one half of the coil. As shown in Figure 15, M-^Z, Le. 
one half of the depicted oofl Is intersected by 12 sector 
lines, the entire coil being intersected by a total of 24 
sector lines. The distance from the center 600 of the 
disc along any given sector line to the closest point of 
any given tum (with respect to the center 600 of the 
disc) is defined as the inner tum radii R(inner). The 
distance from the center 600 of the disc along that 
same given sector line to the farthest point on the 
same tum (again with respect to the center 600 of the 
disc) Is defined as the outer tum radii R(outer). 

A value, V, is determined for each sector line. 
That value, V (sector n), is equal the sum of all outer 
tum radii along a given sector line minus the sum of 
all inner tum radii for the same gh/en sector line, in 
other words: 

Vsector 12 = 2 R{OUter)8eetor 12 - S ROnnei)»aetor 12 

V««tor 11 = S R(outer)«^ „ - z R(inner)««ter 11 
Vseeter 10 = S R(outer)s.ctor 10 - S R(inner)Moior 10 



Vaector 0 = 2 R(OUter)sector 0 - S ROnneOsector 0 

In order to produce a resolver with the desired sin- 
usoidal and cosinusoidal outputs It has t>een found 
that the set of all of the cedculated values, V, must 
define a sinusoidal function as a function of sector 
positiont such that for example, V for sector 12 Is a 
minimum and V for sector 0 is a maximum. 

Although the invention has been shown and des- 
cribed with respect to preferred embodiments thereof, 
it should be understood by those sicilled in the art that 
various changes and omissions in the form and detail 
thereof may be made therein without departing from 
the spirit and scope of the invention. 

Having thus described typical embodiments of my 
invention. 



varying according to a trigonometric function with 
the angular pos ition of said rotor winding with res- 
pect to said first and second stator windings. 

2. A resolver according to claim 1 wherein said 
stator assemt)ly further comprises: 

a first planar plate of magnetic material 
positioned adjacent to said first and second stator 
windings, and 

wherein said rotor assembly further comprises: 

a second planar plate of magnetic material 
positioned adjacent to said rotor winding, said 
first and second plates providing paths of low 
magnetic reluctance. 

3. A resolver according to daim 2 wherein said first 
statorwinding and second stator winding are dis- 
placed mechanically 45^ to each other and elec- 
trically 90° to each other. 

4. A resolver according to claim 1 wherein said 
stator assembly comprises: 

a first planar support member, a first por- 
tion of said first statorwinding being disposed on 
said first support member; 

a second planar support member, said 
second support member positioned adjacent to 
said first support member and lying in a plane par- 
allel to said first support member, a second por- 
tion of first stator winding being disposed on said 
second support member; 

a third planar support member, said third 
support member positioned adjacent to said seo> 
ond support member and lying in a plane parallel 
35 to said second support member, a first portion of 

second stator winding being disposed on said 
third support memt>er, and 

a fourth planar support member, said 
fourth support member positioned ad^cent to 
40 said third support member and lying in a plane 

parallel to said third support member, a second 
portion of said second stator winding t>eing dis- 
posed on said fourth support member. 
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Claims 



A resolver comprising: 

a stator assembly comprising a first planar 
stator winding and a second planar stator wind- 
ing; and 

a rotor assembly disposed adjacent to said 
stator assembly and rotatable with respect to said 
stator assembly, said rotor assembly comprising 
a planar rotor winding for inductively coupling an 
energizing AC source when applied to said rotor 
winding to said first and second stator windings 
such that a voltage is induced in each of said first 
and second stator windings with each voltage 
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6. 



A resoiver according to daim 4 wherein said first 
portion of said first stator winding comprises: 

a first plurality of printed circuit multi^rh 
stator coils disposed in spaced apart relationsh^ 
on said first support member, and 
wherein said second portion of said first stator 
winding comprises: 

a second plurality of printed circuit multi- 
turn stator coils disposed in a spaced apart rela- 
tionship on said second support member. 

A resolver according to daim 5 wherein said first 
plurality of stator coils are connected in series 
with said second plurality of stator coils. 
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7. A resolver according to claim 5 wherein said first 
portion of said second stator winding comprises: 

a third plurality of printed circuit multi-tum 
stator coils disposed in spaced apart relationship 
on said third support member; and 
wherein said second portion of said second stator 
winding comprises: 

a fourth pluraiify of printed circuit multi-turn 
stator coils disposed in spaced apart relationship 
on said fourth support member. 

8. A resolver according to claim 7 wherein said third 
plurality of stator coils are connected in series 
with said fourth plurality of stator colls. 

9. A resolver according to claim 1 wherein said rotor 
assembly comprises; 

a first planar support means, a fiist portion 
of said rotor winding being disposed on said first 
support means; and 

a second planar support means, said sec- 
ond support means positioned adjacent to said 
first support means and lying in a plane parallel 
to said fust support means, a second portion of 
said rotorwinding being disposed on said second 
support means. 

10. A resolver according to claim 9 wherein said first 
portion of said rotor winding comprises: 

a first plurality of printed circuit multi-tum 
rotor coils disposed in spaced apart relationship 
on said first support means; and 
wherein said second portion of said rotorwinding 
comprises; 

a second plurality of printed circuit multi- 
turn rotor coils disposed in spaced apart relation- 
ship on said second support means. 

1 1. A resolver according to claim 1 0 wherein said first 
plurality of rotor coils are connected In series with 
said second plurality of rotor colls. 

12. Aresdveracoordlng to claim 1 further comprising 
means for exctting said rotor with an AC source. 

13. A resolver according to claim 12 wherein said 
voltage Induced in one of said first and second 
stator windings varies according to a sine function 
and said voltage Induced in the other of said first 
and second stator windings varies according to a 
cosine function. 

14. A resolver according to dalm 1 wherein said 
stator assembly further contprises: 

a planar stator excltor winding for Induc- 
tively coupling an AC source to the rotor assem- 
bly, and wherein said rotor assembly further 
comprises: 



a planar rotor exciter winding coupled to 
said rotor winding whereby when ^id stator exd- 
tor winding has an AC source applied thereto an 
AC voltage Is induced In said rotor exciter winding 

5 and said rotor winding which AC voltage, In turn, 

induces said voltages In said first and second 
stator windings that vary according to a 
trigonometric function with the angular position of 
said rotorwinding with respect to said stator wind- 

10 ings. 

15. A resolver according to daim 14 wherein said 
stator assembly further comprises: 

a first planar support member, a first por- 
ts tion of said first stator winding being disposed on 
said first support member; 

a second planar support member, said 
second support member positioned adjacent to 
said first support memt>er and lying in a plane par- 

20 allel to said first support member, a second por- 

tion of said first stator winding being disposed on 
said second support member; 

. a third planar support member, said third 
support member positioned adjacent to said sec- 

25 ond support member and lying In a plane parallel 
to said second support member, a first portion of 
said second stator winding being disposed on 
said third support member; 

a fourth planar support member, said 

30 fourth support member positioned adjacent to 

said third support member and lying in a plane 
parallel to said third support member, a second 
portion of said second stator winding being dis- 
posed on said fourth support member; 

35 a fifth planar support member, a first por- 

tion of said stator excltor winding being disposed 
on said fifth support memt>er; and 

a sbcth planar support member, said sixth 
support member being positioned adjacent to 

40 said filth support member and lying in a plane par- 
allel to said fifth support member, a second por- 
tion of said stator excltor winding being disposed 
on said sbcth support member; and wherein said 
rotor assembly further comprises: 

45 a first planar support means, a first portion 

of said rotorwinding being disposed on said first 
support means; 

a second planar support means, said sec- 
ond support means positioned adjacent to said 

so first support means and lying in a plane parallel 

to said first supF>ort means, a second portion of 
said rotorwinding being disposed on said second 
support means; 

a third planar support means, said third 

ss planar support member being positioned adja- 

cent to said second support means, a first portion 
of said rotor exdtor vnnding t>eing disposed on 
said third support means; and 
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a fourth planar support means, said fourth 
support means positioned adjacent to said third 
support means and lying in a plane parallel to said 
third support means, a second portion of said 
rotor excitor winding being disposed on said s 
fourth support means. 

16. A resohmacoording to dabfn 15 wherein said first 
portion of said firststator winding comprises a first 
plurality of printed circuit multi-fum stator co3s io 
disposed in spaced apart relationship on said first 
support member, said second portion of said first 
stator winding comprises a second plurality of 
printed circuit multi-turn stator coils disposed in 
spaced apart relationship m said second support is 
member, said first portion of said second stator 
winding comprises a third plurality of printed cdt- 

cuit multi-tum stator colls disposed in spaced 
apart relationship on said third support member, 
said second portion of said second stator winding 20 
comprises a fourth plurality of printed circuit mul- 
ti-tum stator colls disposed In spaced apart rela- 
tionship on said fourth support member, said first 
portion of said rotor winding compifses a first 
plurality of printed circu it multi-tum rotor colls dis- 25 
posed in spaced apart relationship on said first 
support means, said second portion of said rotor 
winding comprises a second plurality of printed 
circuit multi-tum rotor coils disposed in spaced 
apart relationship on said second support means, so 
said first portion of said stator excitor winding 
comprises a single printed circuit multi-tum coil 
disposed on said fifth support member, said sec- 
ond portion of said stator excitor winding com- 
prises a single printed circuit multi-tum coll 35 
disposed on said sixth support member, said first 
portion of said rotor exdtor winding comprises a 
single printed drcuit multi-tum coil disposed on 
said tiilrd support means, and said second por- 
tiori of said rotor excitor winding comprises a 40 
single printed circuit multi-tum coH disposed on 
said fourth support means. 

17. A resofver according to claim 1 wherein said first 

and second planar stator vrindings each comprise 45 
at least one planar multi-tum coll, said coll com- 
prising N turns and 2 M sectors, where N and M 
are numt>ers. said 2 M sectors each being defined 
t>etween two radial lines each of which radiate 
from a center point, each of said N turns having so 
a plurality of inner tum radii and a plurality of outer 
turn radii, said Inner tum radii for each tum being 
defined by the distances from said center point to 
the most proximate points on the tum, as 
measured along the sector lines, and said outer 55 
tum radii for each tum being defined by the dist- 
ances from said center point to the most distant 
points on the tum, as measured along the san^ 
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sector lines; the sum of all outer tum radii for a 
given sector line minus the sum of all inner tum 
radii for said given sector line defining a value; a 
set of all said values for all sector lines of said coil 
approximating a sinusoidal function. 

1 8. A resolver according to claim 1 7 wherein said sin- 
usoidal function is a maximum along the center- 
most sector line of said coil. 

19. A planar winding according to daim 18 wherein 
the value for given turn and a given sector line is 
proportional to the flux contribution of said gVen 
tum along said sector line when said coil is car- 
rying current 

20. A planar winding comprising at least one planar 
multi-tum coil, said coil comprising N turns and 2 
hA sectors, where N and M are numbers, said 2 M 
sectors each being defined between two radial 
sector lines each of which radiate from a center 
point, each of said turns having a plurality of inner 
tum radD and a plurality of outer tum radii, said 
inner tum radii for each tum being defined by the 
distances of said center point to the most proxin>- 
ate points on the turn, as measured along the sec- 
tor lines, and said outer tum radii for each tum 
being defined by the distances from said center 
point to the most distant points on the tum, as 
measured along the same sector lines; the sum 
of aD outer tum radii for a given sector line minus 
the sum of all inner tum radii for said gh^en sector 
line defining a value; a set of all said values for all 
sector lines of said coil approximating a sin- 
usoidal function. 

21. A planar winding according to daim to 20 wherein 
said sinusoidal function is a ma»mum along the 
center-most sector line of said coU, 

22. A planar winding according to daim 21 wherein 
the value for a given tum and a given sector line 
is proportional to the fiux contribution of said tum . 
along said given sector line when said coB is car- 
rying current 

23. A planar winding according to daim 20 wlierein 
said 2M+1 sector lines subtend to angle of 
approximately 90 degrees. 

24. A planar winding according to claim 20 wherein N 
is approximately 13. 

25. A planar winding according to daim 20 further 
comprising a planar support member, said at 
least one coil being disposed on said support 
member. 
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26. A planar winding according to claim 20 further 
comprising a second planar multi-turn coO. said 
second coil connected in series with said at least 
one coil and lying in a plane spaced from said first 
coO thereby forming a two-layer planar set of 
coils. 

27. A planar winding according to claim 20 further 
comprising a planar first support member, said at 
least one coH being disposed on said first support 
member, a second planar multi-tum coll; and a 
planar second supp>ort member, said second coil 
being disposed on said second support member, 
said first and second support members posi- 
tioned adjacent to each other and said first and 
second coDs being connected in series. 

28. A planar winding according to daim 27 wherein 
said first support member has a via hole through 
which said first coil is connected to said second 20 
con. 

29. A planar winding according to dalm 28 wherein 
said first and second coQs are wound In the same 
direction. 25 

30. A planar winding according to claim 28 further 
comprising a third planar multi-turn coll and fourth 
multi-tum coil, said third coil being disposed on 
said first support member, said fourth coil being 
disposed on said second support member, said 
fourth con being connected in series with said 
second coB. said first support member having a 
second via hole, said fourth coil being connected 
in series with said third coil through said second 
via hole, said third and fourth colis being wound 
in the same direction but opposite to the direction 
that said first and second coils are wound 
whereby when current flows through said first, 
second, third and fourth coils, a two-pole winding 
is established. 

31. A multh-layer multi-pole printed drcuit winding 
assembly comprising: 

a plurality of support members and 45 
a plurality of multi-tum printed circuit coils 
disposed , on each of said plurality of support 
members; said colls on adjacent pairs of support 
members being opposed and in substantial regis- 
try with each other such that said opposed and so 
registered coils comprise a plurality of pairs of 
opposed and registered coils, said coils in each 
pair of opposed and registered coils being con- 
nected in series and wound in the same direction, 
adjacent pairs of opposed and registered colls 55 
being connected in series with each other and 
wound in opposite directions whereby when cur- 
rent flows in said colls a multi-pde winding is 



established with adjacent pairs of said opposed 
^ and registered coHs fonming opposite poles. 



assembly according to claim 32 wherein 

said first and second windings are dis- 
placed mechanically 45** to each otiier and elec- 
trically 90** to each other. 

34. A multi-layer multi-pole printed circuit winding 
assembly according to daim 33 further compris- 
ing a 

ferromagnetic planar plate positioned 
adjacent to said first and second staler windings. 



36. A multi-layer multi-pole circuit assembly accord- 
ing to daim 31 wherein said plurality of support 
members comprises a pair of support members 
and said plurality of coils disposed on said pair of 
support members emprise a rotor winding for a 
resdver. 

37. A multi-layer multi-pole printed circuit assembly 
according to daim 36 further comprising 

a second pair of support members, each of 
said second pair of support members having a 
single multi-tum printed drcuit ooO disposed the- 
reon, said single coils being connected in series 
and coupled to said plurality of cofls disposed on 
said pair of support members, said second pair of 



32. A multi-layer multi-pole printed circuit winding 
5 assembly according to daim 31 wherein a first 

pair of said plurality of support members and said 
plurality of coils disposed on each of said pair of 
support members comprise a first stator winding 
for a resolver and wherein a second pair of said 
10 plurality of support members and said plurality of 

coils disposed on each of said second pair of sup- 
port members comprise a second stator winding 
for said resolver. 

15 33. A multi-layer multi-pole printed circuit winding 



35. A multi-tum multi-pole printed drcuit winding 
assembly according to daim 32 further compris- 
ing: 

30 a third pair of support members, each of 

said third pair of support members having a single 
muItMum printed drcuit ooil disposed thereon, 
said single coils being connected in series, said 
third pair of support members and single coils dis- 
ss posed thereon being positioned between said 
first and second pairs of support members and 
comprising a stator exciter winding assembly for 
inductively coupling a energizing AC source to a 
rotor exciter winding of a resolver rotor assembly 
40 when said rotor assembly and rotor excitor wind- 
ing are positioned adjacent to said stator excitor 
winding assembly. 
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support members and single coHs deposed the- 
reon being positioned adjacent to said pair of sup- 
port members and comprising a rotor excitor 
winding assembly. 

5 

38. A muitMayer rradti-pOle printed drcuit assembly 
according to daim 37 further comprising: 

a fenromagnetic planar plate posltk>ned 
adjacent to said rotor winding and said rotor exci- 
tor winding assemt>ly. io 

39. A two-layer four-pole printed drcuit winding 
assembly comprising: 

a first layer, and 

a second layer, each layer comprising four is 
mulfi-tum printed drcuit ooOs, 

a first coll of the first layer being wound In 
a fiist direction, connected in series with and dis- 
posed adjacent to a first coil for the second layer; 

said frst coll of said second layer being 20 
wound in the same direction as said first coil of 
said first layerand connected in series with a sec- 
ond con of said second layer, 

said second col of said second layer being 
wound In the opposite direction of said first coil of 25 
said second layer, 

said second coil of said second layer being 
connected in series with and disposed adjacent to 
a second coll of said first layer, 

said second coil of said first layer being 30 
wound in the same direction as said second coll 
of said second layerand connected In series with 
a third coil of said first layer, 

said third coll of said first layer being 
wound in the opposite direction of said second 35 
coB of said first layer, 

said third coil of said first layer t>eing con- 
nected in series with and disposed adjacent to a 
third Goil of said second layer. 

said third coil of said second layer being 40 
wound in the same direction as said third coil of 
said first layer and connected in series with a 
fourth coil of said second layer, 

said fourth coil of said second layer being 
wound In the opposite direction to that of said third 4S 
coil of said second layer, 

said fourth coil of said second layer being 
connected in series with and disposed adjacent to 
a fourth coil of said first layer, and 

said fourth coll of said first layer being so 
wound in the same direction as the fourth coil of 
said second layer. 
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@ Resolver having planar windings. 

@) A printed circuit resolver includes a stator assembly (36) comprising a first planar, multi-tum stator 
winding (50.52) and a second planar multi-tum stator winding (58,60). A rotor assembly (38) is disposed 
adjacent to tlie stator assembly and is rotatable with respect to the stator assembly. A voltage is induced 
in each of the stator windings with each voltage varying according to a trigonometric function of the 
angular position of the rotor winding with respect to the stator windings. Each resolver winding Is 
planar and comprises at least two planar multi-tum coils formed on a disa Each coil comprises N tums 
and 2M sectors. In each sector, the radial and circumferential position of each point of a given tum is 
defined along radial sector lines radiating from a center point of the disc. The position of each point of a 
given tum is defined by either an inner tum radius or an outer tum radius. The Inner tum radius for any 
given tum is the distance from the center point of the di^ to the most proximate point on that tum as 
measured along a given sector line. The outer tum radius for that tum is the distance from the center 
point of the disc to the most distant point on that tum as measured along the same sector line. The sum 
of aO outer tum radii for a given sector line minus the sum of all inner tum radii for the given sector line 
defines a value ; a set of all the values for all sector lines of the coH approximates a sinusoidal function. 
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